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SOME EFFECTS OF LBiESTONE MD EIDRkTED 
LIME OH BIO-GHEMIGAL ACTIVITIES 
IN ACID SOILS. 
Introduction 
Farm experience, extending back at least to 
tb.e beginning of the Christian Era, has shown the value 
of lime or calcium containing materials in crop produc­
tion, Kie observed improvement brought about in crop 
yields by limestone has led to the use of tests that may 
sliow the proper amounts to apply to vaiious acid soils. 
Y/ith the perfection of lime requirement tests it has 
been possible to study the influence of lime applied to 
soils over definite periods of time. At present such 
studies may be carried out in the laboratory, greenhouse 
or field. The last requires far more time and is least 
easily controlled. Therefore, laboratory experiments 
have much value for indicating what may be expected to 
occur under field conditions. There is need of much ex­
perimental work in order that v;e may know how lime appli­
cations influence different soils, Fiirthemore, it is 
desirable to correlate the results obtained by the differ­
ent lime requirement tests. It is also important to make 
close observations of the chemical reactions brought 
about by lime at progressive intervals. 
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A thopou^ search, of the literature has not 
shown that any one has at regular intervals measured the 
reduction of the acidity in the soil brought about by 
varying applications of lime. Ames and Schollenberger 
(1) made studies of the amount of residual carbonate in 
the soil at some time after the application of lime and 
limestone to field soils. They concluded that 70 percent 
of a two-ton limestone application will v/ithin a year 
have left the carbonate form. For a period of forty years 
the Pennsylvania Agricultural EJ?)eriment Station studied 
the influence of limestone and burned lime on crops and 
on the soil, (White and Holben (17) )• However, the in­
fluence of the lime on the soil acidity has been noted 
only at infrequent and irregular intervals. It was shown 
that the soil content of organic matter and nitrogen in­
creased during the forty years, Maclntire (13) has 
studied the rapidity of the carbonation of lime in the 
soil and found it to be relatively rapid# 
More study of the influence of lime on the 
ammonifying and nitrifying power of soils has been made 
than of lime requirement changes, A notable example of 
such a study is that of Brown (2 and 3) from which he con-
cliided that limestone up to three tons Increased both the 
ammonifying and the nitrifying power of the soil# 
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Tiiis study is an attempt to compare several 
lime requirement teats at different regular intervals 
after treatment where ground limestone and hydrated lime 
are applied in equivalent amounts to four acid soils under 
laboratory conditions# A brief study of the influence 
of these lime materials upon the ammonifying and nitri­
fying power of tiie soils is also included# Finally, a fe'W 
available field experiments have been used and an attempt 
has been made to compare the results obtained in the lab­
oratory with those obtained in the field. 
Fart I» Some Chemical Effects of 
Limestone and Hydrated Lime aa 
Measured by Several Lime Require­
ment Tests* 
Experimental 
The soils used were secured in cultivated fields 
in quantities of several hiandred pounds each. Marion silt 
loam, an Iowa acid soil, deficient in organic miatter, 
showed a limestone requirement by the Jones Test of about 
three tons per acre. The other soils used are the types 
most abundant in Connecticut. Charlton loam was rather 
wet and heavy with abundant organic matter and was pri­
marily a grass soil. Merrimac fine sandy loam, a water 
laid soil, was coarse in textiire, low in organic matter 
and well adapted to potatoes# Qloucester fine sandy 
loam, the most extensive soil type in Southern Hew 
England, was fairly well supplied with organio matter 
"but subject to drought injiiry# Each of the three Conn­
ecticut soils showed a limestone requirement of ahout 
four tone per acre, as measured by the Jones Test. 
Each of the soils was air dried |ji the labora­
tory, and, after the removal of the pebbles by means 
of a four-mesh sieve, it was stored until needed in a 
large zinc ash can. When needed for an experiment, suff­
icient soil was removed from the can and sieved thi'ou^ji 
a twenty-mesh sieve, using care to crush the soil crumbs 
but not to break the gravel# This soil was thorou^ly 
mixed and then one hundred gram portions were weiglied into 
separate glass tumblers. The proper amounts of ground 
limestone and of hydrated lime were each weigiied out in 
duplicate and placed in numbered tumblers# The soil and 
lime were mixed by alternately inverting and shaking the 
covered tumbler twenty times# Afterward, the soil was 
compacted by means of a thousand gram v/ei^t and was 
watered to the optimum# This was determined by the usual 
method, assuming half saturation to be the optimm. The 
moistened tumblers were weighed to permit the water lost 
throu^ evaporation to be restored at regular intervals# 
••5'* 
In the first experiment with each soil a series 
of treatments in duplicate at the end of one week was 
air lipied separately to make the various lime require-^ 
ment determinations later to be described. In like 
manner separate series for each soil were air dried at 
the end of two, four and eight weeks respectively# 
Due to the variations in lime requirement in 
each of the soils at the different times of determina­
tion it was decided to repeat the experiment wi-Kh three 
of the soils, using fewer treatments but more series so 
that the lime requirement could be determined each week 
for eight weeks with each treatment* 
Methods of Determining Lime 
Requirement. 
Jones Test. The standard procedure used was the 
Jones Test, which is as follows (Jones 11 and 12): Treat 
5,6 grams of soil mixed with 0«5 gram of calciiM acetate 
in a three inch raortar with safficient water to make a 
fairly stiff paste and mix with a pestle for twenty seconds. 
Add 50 c.c. of water and oontinue the mixing for SO 
seconds, then wash the mass into a 200 c.c. flask, keeping 
the volume down to about 160 c.c. Then, with frequent 
shakings, let stand 15 minutes before making it up to 
200 c.c. in volume. A field method (Carleton 4) places 
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the soil and calcim acetate directly in the 200 c.c. 
flask and adds 150 c,c« of water which is let stand, with 
shaking every two or three minutes, for 15 minutes, when 
the volume is made up to 200 c.c« In either method, at 
the end of 15 minutes, the solution is filtered throu^ 
a dry filter, disaarding the first 10 or 15 c«c« of the 
filtrate to get a clear solution. One hundred c*o« of the 
clear filtrate is titrated with 0.1 N Ma(OH)« A blank 
prepared as above, but with the soil omitted, is subtract­
ed, The result multiplied by 2, by 1.8 and by lOOO gives 
the lime requirement as CaO. 
Because of the tediousness of the procedure 
the method was modified by making up a solution of calcium 
acetate to contain 0.5 gram in 10 c.c. The same quantity 
of soil was weighed into an Erlenmeyer flask and 190 c.c. 
of water was added. Then 10 c.c. of the calcium acetate 
solution was added and the mixture let stand, v/ith shak­
ings, as in the field metliod. The filtering, titrating 
and calculations were performed as in the other methods, 
except that CaO was converted to equivalent limestone 
(CaOOg) by dividing by 0.56. At one time tv/enty to 60 
solutions were handled in this way, 
Iowa Test {Modified Comber Test). At first in 
the Iowa test a one percent solution of potassium thio-
cyanate in acetone was used. Tiiis differed from Emerson^ s 
(5) solution in that the ether was omitted. Later the 
solution recommended by Harper (9) was used. It consist­
ed of a 5% addition of potassium thiocyanate to a mixture 
of 60 parts of pure methanol and 40 parts of pure acetone# 
The test was made "by adding 10 c.c. of the solution to 
10 grams of soil in a test tube# The tube was stoppered 
and shaken ninety times, until all the soil was moisten­
ed# After standing 10 to 20 minutes the color reaction 
was read and recorded# The results were given as color 
reactions which may be interpreted as follows: colorless, 
not acid; pink, slightly acidj li^t red, medium acid; 
red, acid; and dark red, very acid. 
The Truog Test* This test was developed by 
Truog (16) and carried out by weighing 10 grams of dry 
soil into an Erlenmeyer flask with a spoonfull of the re­
agent which consists of zinc sulfide and calciixm chloride 
and adding 100 c.c. of water. The mixt\ire was brought 
to a boil, boiled one minute, then a strip of lead 
acetate paper was placed over the mouth of the flask and 
the boiling continued for two minutes# The lead acetate 
paper was then removed. The limestone requirement was 
determined by comparing the color of this strip of paper 
with that of a standard color chart. 
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Hydpogen-Ion Concentration Determination. !Bxe 
drop-ratio metliod suggested by Gillespie (5) and later by 
Medalia (14) and modified in unpublished data by Harper 
of the Iowa Agricultural Experiment Station by using 0«1 
c#o« of a dye in place of a drop was the method used to 
determine the hydrogen-ion concentration of the soils. 
It was performed as follows; 
A stock alcoholic solution of a dye was made 
by dissolving 0,1 gram of the solid indicator in 50 c,o« 
of 95 percent ethyl alcohol# The solution in a colored 
bottle was kept in a dark cool locker, 
A watery solution was prepared when needed by 
adding to 45 c.c. of distilled water 5 c,c. of an alco­
holic solution of the dye needed# 
Color standards of each dye were frequently made. 
For this purpose two sets of eleven uniform,thick ivalled 
Pyrex test tubes were carefully washed in distilled water. 
Ten c.c* of a llgQ Ha (OH) solution was added to each tube 
of one set. To each tube of the other set was added 10 
c.c, of 0,1 percent HCl solution. The tubes then received 
portions of the watery solution in the follov/ing order so 
that each pair contained 1 c.c.; 
Test tube numbers 1, 2, 3, 4, 5, 6, 7^ 8,. 9, 
10, 11. 
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Tubes with lla(OH) 0.1, 0,15, 0,2, 0.3, 0,4, 
0,5, 0,6, 0,7, 0,8, 0,85, 0,9 c«c, 
Tubes with HCl 0,9, 0,85, 0,8, 0.7, 0,6, 0,5, 
0,4[, 0,3, 0,2, 0* 15, 0.1 c*c. 
Each tube was properly labeled with its contents 
and the proper pH value, when used in pairs that contained 
for each pair one c.c, of a dye solution. 
To make a determination, 10 c.c. of a clear 
soil solution was treated with one c.c. of the proper 
watery solution of a dye, in a thick walled Pyres test tube 
similar to those of the color standard series. This was 
placed in a black comparator in front of another test tube 
with an equal amount of distilled water in it. The color 
of the soil solution was then matched with the color of 
the standards. The proper color comparison gave the pH 
value of the soil solution. 
The soil solution was secured by adding 100 c,c. 
of distilled water to 20 grams of soil in a suitable 
shaker bottle and then shaking it for one hour. Immediate­
ly after shaking the soil solution was filtered througji 
a Buchner funnel which was set into a separatory fuanel, 
that was placed into a side-neck filtering flask. Suction 
was applied and the first filtrate coming throu^ was 
discarded. \'*/hen a clear filtrate was obtained the stop 
cock of the separatory funnel was closed. The filtering 
—lO" 
continued and in this way atoout 60 - 75 c«c« of a soil 
solution was secured# 
Soiltez Text, The solution suggested by 
Spurway (15) was used. It was prepared by dissolving 
0.3 gram of brom thymol blue dye in 1000 c.c. of distilled 
water. The solution was then neutralized by adding di­
lute lime water very slowly and shaking until a deep blu­
ish green color was secured in the solution, ¥/axed paper 
from a corn flake box was cut into rectangular strips 
one by four inches in area. To make a determination a 
strip of paper was folded aad a small portion of soil was 
placed in the crease# Several drops of the solution were 
then dropped on the soil keeping the excess to one side. 
When all the soil was moistened some of the solution was 
drawn away with a pencil on the side opposite from the 
excess using care not to stir up the soil so as to avoid 
suspended soil particles. The color of this bit of soil 
solution was then compared with a standard. 
Results of the First Experiment. 
The Jones Test, An examination of Tables I, II, 
III, IV and V and Figures 1, 2, 3 and 4 will show the 
results of the first limestone requirement experiment as 
determined by the Jones Test for each of the four acid 
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soils used, where varying amounts of limestone and equiv­
alent amounts of iiydrated lime had been applied for pro­
gressive periods of one, two, four and ei^t weeks. 
The acidity of the Marion silt loam was neu­
tralized in proportion to the amount of the application 
of both limestone and hydrated lime. The influence of 
the smaller application was insignificant, Hydrated lime 
was more effective than limestone for the larger appli­
cations - SOOO pounds or more of limestone.. There was a 
I reduction of the acidity for a period of two weeks.. The 
I reduction was maintained for two weeks by both the lime-
i 
I stone and the hydrated lime treatments but a further re-
I duction for the 1480 pound hydrated lime treatment 
I followed. All treatments, Except the larger, gave rises 
i in acidity during the last four weeks. This rise was 
t 
I about equal to a similar rise in the untreated soil.. 
; Hydrated lime was more effective than ground limestone. 
I All treatments of Charlton loam behaved reg-
i ularly and consistently with each other as is shown by 
i Figure 2. There was a continued reduction of acidity until 
j 
; the end of the second week. A marked rise followed during 
; the next two weeks. A further less marked rise resulted 
; with the limestone treatments wh5.1e for the hydrated lime 
treatments the last period exhibited the sharpest rise of 
all. At the end of eight weeks the acidity in every in-
TABLE I 
Limestone Required to Neutralize Acidity as De­
termined by the Jones Test, Marion Silt Loam. 
ADpIication per acre ?/e©ks Elapsed Since Treatment 
of 2 ,000.000 pounds # • • • • :Aver- :Average 
of the soil. • • • • • :age !acidity 
1 • • 2 • • / 4 : 8 • • :neutra-
Pounds • • X 0 m • • jlized 
4000 OaCO^ 2491 2411 2625 2571 2525 2144 
3000 ff ^ 2973 2857 2839 3214 2971 16981 
2000 It 3857 3000 3054 3857 3442 1226 
1000 tf 4179 3857 4071 5384 4373 296 
500 ft 5062 4107 4446 4902 4629 40 
2960 Ca(OH)g 2410 1714 2143 2169 2109 2560 
2220 tt ^ 3210 2607 2679 3054 2887 1782 
1480 II 3370 3357 2625 3857 3302 1367 
740 II 4530 4071 3536 5464 4350 319 
370 n 4660 4321 4436 5721 4785 -116 
4563 4821 3829 5464 4669 X 
Figure 1 
Marlon Silt Loam. 
Hydrated lime Limestone CaCO 
Reqm' 
5000# 
5000# 
4000# 
4000# 
3000# 
2000# 2000# 
8 weeks 8 weeks 
4000# GaCOg or equivalent Ca(OH) 
— 3000# " 
2000# 
— lOQO# " 
500# 
Untreated 
TABLE II 
Liraeston© Required to Neutralize Acidity as De­
termined by the Jones Test, Charlton Loam, 
Application per acre ; Weeks Elapsed Since Treatment 
of 2 ,000>000 pounds • • « • • • • • £ JAverage 
of the soil. • • • • • • tAver- :acidity 
• A 1 : 2 : 4 • 8 :age jneutra-
Pounds • s • • 0 • • • ;lized 
8000 CaCOs 5223 3536 5143 5625 4882 3342 
6000 6027 4607 6263 6589 5373 2851 
4000 1! 6830 5143 7071 7554 6649 1575 
2000 tt 7955 6428 7714 8839 7734 490 
5920 Ca(OH)p 3937 3375 4179 5464 4239 3985 
4440 »t ^ 4821 3697 5625 7232 5344 2880 
2960 11 5786 4500 5946 7554 5947 2277 
1480 ff 7313 5544 7179 9160 7299 925 
Untreated 8478 6750 8518 9160 8224 X 
Flgui'e 2 
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stance was greater than at the end of the first week. 
Again hydrated lime neutralized more acidity than groimd 
I limestone and this was particularly true of the smaller 
j applications. 
I 
The results with Merrimac fine sandy loam 
differed from the other soils as is shown in Table III 
and Figure 3. Limestone was ooniparatively ineffective 
I in neutralizing acidity# VJith this material there was a 
I 
j reduction of acidity for two weeljs. A rise took place 
the next ^two weeks which was partly lost by the largest 
and the smallest treatments during the last foiar weeks. 
The 6000 pound treatment showed a further rise while the 
4000 pound one remained at a level during the last per-
i iod« The sli^t total reduction of acidity by the lime-
I stone used may be partly explained by the fact that a 
I coarse product, but 30«5 percent of which passed tlirou^ 
1 a 0.1 millimeter sieve was used while on the other Gonn-
^ ecticut soils a stone was used, 81 percent of which would 
pass through this sieve. 
The hydrated lime neutralized the greatest 
amount of the acidity in Merrimac fine sandy loam at the 
end of the first week. Prom that time, the acidity rose 
sharply for three weeks, and then slightly again, for 
four weeks, under all treatments but the largest one# 
TABLE III 
Limestone Required to Neutralize Acidity as De­
termined by the Jones Test. Merriraac Pine Sandy Loam, 
Application per acre Weeks Elapsed Since Treatment 
of 2,000,000 pounds • • « • • • • m {Average 
of the soil. • • • « • • sAver- :acidity 
1 * 9 2 • « 4 : 8 :age 
• 
• 
t neutra-
Pounds » • * • • • :lised 
8000 CaCOg 7071 5946 6750 6429 6549 1670 
6000 " 7696 6188 6428 6760 6766 1453 
4000 " 8036 6667 7671 7571 7486 733 
2000 " 6750 7553 7714 7232 7312 907 
5920 Ga(OH)p 2089 3535 4500 4018 3536 4683 
4440 " 2893 3857 4902 5145 4199 4020 
2960 " 3214 4339 5866 5946 4341 3378 
1480 " 4178 6188 6750 7071 6032 2187 
Untreated 9250 7714 8678 7232 8219 X 
Figure 5 
Merrlrnac Pine Sandy Loam. 
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TABLE IV 
Limeetone Required to Neutralize Acidity as De­
termined by the Jones Test. Merrimac Pine Sandy 
Loam Dried at Room Temperature One Year, 
Application per acre Weeks Elapsed Since Treatment 
of 2 ,000,000 pormds « • • • • JAverage 
Of the soil. : • • • • Average J acidity 
1 • • 2 4 : 8 : ;neutral-
Pounds • • • • • • jized 
8000 CaCO.2 6589 6268 5464 5143 5866 844 
6000 tf ^ 6750 5143 5464 5304 5665 1045 
4000 tf 7393 5464 5848 5794 6083 627 
2000 7393 6268 6107 6027 6299 411 
5920 Ca(0H)9 4339 3054 3857 643 2973 3737 
4440 V 4857 3857 4339 4339 4348 2362 
2960 ft 5304 3696 4821 4661 4620 2089 
1480 6428 5062 5625 5464 5645 1065 
Untreated 7393 6428 6589 6428 6710 X 
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The total reduction of acidity, under all these treat­
ments, was great and was in the order of the amoiants of 
the application of hydrated lime# The curves of the 
treated soils did not follow that of the xmtreated soil 
at all, as was the tendency with the other soils used in 
this experiment. 
As shown in Tahle V and Figure 4, limestone 
applied to Gloucester fine sandy loam gave a continuous 
reduction in soil acidity, tlirough the first three per­
iods to the end of four weeks. For two treatments this 
reduction continued throu^ the last period but with the 
8000 pound and 4000 pound treatment there was a rise in 
the acidity during this last period,. The hydrAted lime 
treated soils in this case followed the cotirse of the 
rise and fall in the xmtreated soil* The acidity was low 
at the end of ttie first week, increased the second week 
to fall for two weeks and then increased for four weeks. 
The outcome was, however, a net rise at the end of the 
ei^th week over that of the first. 
An interesting observation is brought out by 
the data presented in Table IV which at the present time 
is difficult to explain. The covered tumblers of air-
dry Merrimac soil v/ere left in a di»y locker at room 
temperature for about a year when the Jones determina­
tions of the limestone requirements of each one were 
TABLE V 
Liineatone Required to Neutralize Acidity as De­
termined by the Jones Test. Gloucester Pine 
Sandy Loam, 
Application per acre Weeka Elapsed Since Treatment 
of 2,000,000 pounds • • • • sAverage 
of the soil. k » :Average :acidity 
1 2 : 4 8 • • :neutral-
Pounds 1 4 » • • :lzed 
8000 CaCOg 4982 4259 3536 3857 4159 2872 
6000 " 5625 5464 4500 4178 4942 2089 
4000 " 6107 5786 4821 5785 5625 1406 
2000 " 6750 6429 5785 4821 5946 1085 
5920 Ca(OH)p 2250 3375 2170 2732 2632 4399 
4440 " 3214 3778 2893 4500 2596 3435 
2960 " 4339 4500 3867 4339 4256 2775 
1480 " 5464 6429 5304 5946 5786 1245 
Untreated 7232 7875 6589 6428 7031 X 
Figure 4 
Gloucester Fine Sandy Loam 
Limestone 
7000# 
6000# 
'n 
5000# 
4000# 
3000# 
8 weeks 
8000# CaCO 
1 
6000# " 
4000# " 
2000# " 
Untreated 
Hydrated lime 0 aC Og 
Reqra't 
6000# 
5000# 
4000# 
3000# 
4 8 weeks 2 1 
r equivalent Ca(OH)r> 
ri « II 
II II II 
I !  I I  t l  
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again made in duplicate using water at 21® G# This tem­
perature was probably about the same as that of the 
water used the first time although this cannot be 
stated with certainty. It was found that in most oases 
there was a drop, during the year, in the acidity of 
both treated and untreated soil# The average fall 
ranges from 683 pounds of limestone required to 1403 
pounds required for the soils treated with different 
amoiints of limestone# This fall was from 221 to 563 
pounds required for three of the hydrated lime treat­
ments# The 4440 pound hydrated lime treatment showed an 
increase of 149 pounds of limestone required# For the 
untreated soils the average reduction in acidity was 
1509 pounds of limestone requirement. 
The Iowa Test# In general the Iowa Test 
tended to confirm the results of the Jones Test# Marion 
silt loam most clearly showed this tendency. This soil, 
althou^ lower in acidity than the Connecticut soils by 
the Jones Test, showed a much deeper red under the lov/a 
test than the Connecticut soils# The color of the solu­
tion on Charlton soil was light red| on Merrimac It was 
usually light red and on (Jloucester it was red. The 
color was lighter no doubt because of a lov/er content 
of ferric iron in these eastern soils# 
TABLE VI-A 
Color Indication of Iowa Testif" 
Marion Silt Loam, 
TreatDient per acre Weeks elapsed since 
• 
• 
treatment : 
of 2,000,000 • • 9 • * • 1* • 
potinds of soil. 1 2 
• 
« 
• 
• 
4 * « 8 
• 
Lbs. • 
• 
• 
• 
9 • 
• 
• 
4000 CaCO^ R Lt R P R 
3000 " R R P R 
2000 " DR R DP R 
1000 " DR DR R DR 
500 " DR DR DR DR 
2960 Ca(OH)p P P P Lt R 
2220 " P DP P R 
1480 " DP DP DP DR 
740 " R R R DR 
370 " DR DR DR DR 
Untreated DR DR DR DR 
P - Pink 
DP « Deep Pink 
R - Red 
Lt R - Light Red 
BR - Deep Red 
TABI£ VI-B 
Color Indications of Iowa Testll' 
Treatment 
2,000,000 
pounda of 
9 
m 
I 
Charlton Loam ! Merrlmao Pine Sandy I«oaiai&louoester !E'xne Sandy 
: : Loam 
soil* : s • # • : • • r • • 0 • • .i 
t 1 : 2 : 4 ; 8 s 1 : 2 : 4 ! 8 : 1 s 2 i 4 : 8 : 
Lbs* • • • • 9 9 • # m m 9 9 9 9 • ft 9 4 9 9 9 9 9 9 
8000 GaCO- VSIP VSIP SIP SIP P SIP P P P SIP ' VSIP SIP 
6000 " VSIP VSIP SIP SIP P p P P LtR p VSIP p 
4000 " SIP SIP p P DP p DP P LtR DP P SIP 
2000 " SIP p DP P R DP LtR P R LtR DP R 
5920 Ga{OH)g VSIP c c c 0 C VSIP VSIP C c c SIP 
4440 " VSIP VSIP c VSIP VSIP c Sip c 0 VSIP VSIP SIP 
2960 " SIP VSIP SIP SIP p SIP P SIP P P P P 
1480 " SIP p p P p p P p DP LtR DP DP 
Untreated LtR DP LtR LtR R LtR R DR R R LtR R 
^ VSIP - Very slightly pink 
SIP - Slightly pink 
P - Pink 
0 - Colorless 
LtR - Light Red 
DP - Deep pink 
R - Red 
DR - Deep red 
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If one keeps in mind the iDasic difference 
in color reaction between the soils, the Iowa Test 
j tended to confirm the Jones Test, The iowa color 
i 
I standards would no longer serve. The same color reac-
i 
1 tion on these eastern soils would require a higher 
I 
! acidity reading and would indicate a larger limestone 
1 I 
i application. Experience wo\ild permit the use of this 
test with satisfaction. The data of the test are pre­
sented in Tahle VI. 
The Truog Test. Considerable experience was 
also necessary to properly make the limestone requirement 
determination with the Truog Test. Variations in the 
darkening of the lead acetate paper were hard to read 
I with certainty. The tendency of the test was to follow 
i the Jones Test. The differences in acidity were less 
f 
I sharply brought out as may be seen by examining Table 
! VII. The best comparisons of this test and the Jones 
I Test were shown by Marion silt loam. Likewise the 
Charlton and Gloucester soils gave the same indications 
where the differences could be read. The correlation 
of the two tests was rather poor. 
The Hydrogen-Ion Concentration Determination. 
The hydrogen-ion concentration results are presented in 
Table VIII. Tne tendency of the test was to correlate 
TABLE VII-A 
Tons of Limestone per Acre Required 
to Neutralize Acidity as Determined 
by Truog Test, 
Treatment per acre 
of 2,000,000 pounds 
Of soil* 
Lbs* 
4000 CaCO^ 
3000 " 
2000 " 
1000 " 
, 500 " 
! 2960 Ga(OH)o 
1 2220 « 
1480 « 
740 " 
370 " 
Untreated 
Marion Silt Loam 
2 
2 
2 
2 
S 
2 
2 
2 
2 
2 
5 
Weeks elapsed since treatment 
i'A 
1/2 
3/4 
1/4 
1/2 
3/4 
3/4 
1/2 
2 
2 
2 
2 
3 
1 
1 
2 
2 
2 
3 
1/4 
1/4 
1/2 
3/4 
1/2 
1/2 
1/2 
1/2 
2 
2 
2 
2 
3 
1 
1 
2 
2 
2 
3 
1/8 
1/4 
1/2 
3/4 
7/8 
1/2 
3/4 
1/2 
2 
2 
2 
3 
3 
2 
2 
2 
3 
3 
3 
J 
1/4 
1/2 
3/4 
1/2 
1/2 
3/4 
1/2 
1/2 
-IDD-
TABLE VII-B 
Tons Limestone per Acre Reqioire 
Acidity as Determined "by the Tr 
« 
* 
Treatment per acre : Y/eeks elapsed sin 
of 2,000,000 pounds: 
of soil, : Charlton Loam ; Merrimac Pi 
• 
• 
Lbs• J 1 
• 
• 
• • •-
! 2 : 4 : 
• • • 
• • • 
8 : 1 : 2 
] 8000 CaCOg 2 l/2 
! 6000 " 5 
I 
I 
4000 " 3 1/2 
2000 " 4 
i 5920 Ca(0H)2 2 
; 4420 " 2 1/2 
2960 " 2 3/4 
i 1480 " 3 
Untreated 4 
i 
I 
i 
): 
1 1/2 
1 1/2 
2 
2 1/2 
1 1/2 
2 
2 1/2 
3 
4 
2 
2 1/2 
2 1/2 
5 
1 1/2 
2 
2 1/2 
3 
4 
2 1/2 
2 1/2 
3 
3 1/2 
2 1/2 
5 
3 
3 1/2 
4 
3 
3 
3 
4 
2 1/2 
2 5/8 
2 5/4 
3 
4 
2 3/4 
2 5/4 
2 3/4 
3 
2 1/ 
2 1/ 
2 3/4 
3 
4 

ABLE VII-B 
ere Reqiilped to Neutralize 
d by the Tniog Test. 
elapsed since treatment 
Merrimac Fine Sandy Loam Gloucester Fine Sandy Loam 
1 2 4 ; 8 : 1 : 
• 
• 
2 
• 
• 
4 : 
tt 
• 
8 
j 2 3/4 2 3/4 2 3/4 2 1/2 2 1/4 2 1/2 2 1/4 
2 3/4 2 3/4 3 2 1/2 2 1/2 2 1/2 2 1/2 
2 3/4 3 3 2 3/4 2 1/2 2 3/4 3 
S 4 3 3 3 3 3 
1 , |l/2 2 1/2 2 1/2 2 1/2 2 2 2 2 
15/8 2 1/2 2 5/4 2 5/4 2 1/4 2 1/4 2 2 1/4 
3/4 2 3/4 3 3 2 1/2 2 1/2 2 1/4 2 1/2 
' 
3 4 3 2 1/2 2 3/4 2 1/2 3 
i 4 4 4 3 3 3 3 
i 
i 
j I 
i 
f 
i 
8 
i 
1 
( 
i 
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with the Jones Test. There were many instances, however, 
where the two tests did not show the same course In the 
acidity of fee soils. This lack of correlation was ex­
pected since the test measures the active acidity only 
and measures none of the absorption values as does the 
Jones Test# Charlton loam showed the best ag3?eement with 
the Jones Test and the results vrith the Gloucester soil 
were in fair agreement. Only three of the soils were 
used in this deterEoination. 
©1© Soiltex Test# The results with the 
Soiltex test were most uncertain of all the tests. It 
clearly showed that limestone or hydra-ted lime had been 
added to a soil. It would not, however, give an acctjr-
ate measure of the gradation in the acidity resulting 
from varying treatment with the two lime materials. Q5ie 
data are recorded in Table IX« Except as a field qual­
itative test Soiltex can not be highly regarded. The 
suspended soil material in the solution tended to ob­
scure the color so that a comparison with the chart was 
difficult. 
The Influence of the Temperature 
of the Water Used in the Jones Test. 
In working with the Jones Test it appeared 
that the temperature of the water used to sectu?e the soil 
TABLE VIII 
Hydrogen-ion Concentration of Soils. 
i 
Treatment per s Weeks elapsed since treatment 
acre of : : Merrlmac ^ine Sandy Loam: Gloucesieir B'lne Sandy 
2,000,000 • ft Charlton Loam • ft • • Loam 
poiinds of soils i : 2 : 4 : 8 : 1 
• pH 
1 2 S 4 s 8 : 1 : 2 s 4 
Lbs. • pH 
• • 4 
! pH : pH J pH : pH : pH : pH i pH s pH J pH , PH 
6.45 6.55 
6.25 6.48 
6.10 6.15 
5.85 6.25 
6.70 6.85 
6.45 6.55 
6.55 6.05 
6.35 6.13 
5.50 5.50 
8000 CaCO-a 6.36 6.20 6.55 6.20 6.60 6.60 6.40 6.30 6.60 6.55 
6000 » ^ 6.30 6.15 6.40 6.00 6.40 6.30 6.30 6.20 6.50 6.35 
4000 Tl 6,15 5.90 6.10 5.90 6.38 6,20 6.18 6.10 6.35 6.00 
2000 ft 5.90 5.90 5.85 5.60 6.10 6.00 5.90 5.90 6.15 6.00 
5920 Ca(OH)p 6.35 6.55 6.55 6.20 6.83 6.75 6.75 6.50 7.00 6.80 
4440 II ^ 6.20 6.45 6.35 6.15 6.65 6.50 6.30 6.40 6.65 6.60 
2960 « 6.10 6,25 6.10 5.80 6.43 6,38 6,15 6.25 6 a 50 6.35 
1480 II 5.95 5.75 5.95 5.60 6.20 6.30 5.90 5.90 6.30 6.15 
Untreated 5,30 5.35 5.30 5.30 5.60 5.45 5.40 5.50 5.50 5.50 
TABIxE IX 
Indicated Soil Reaction by Means of Soil 
t6x Solution. 
Treatment per: 
acre of j 
2,000,000 r 
pounds of soils Charlton Loam 
Weeks elapsed since treatment 
: kerrimac Pine Sandy i (rlouoester Pine Sandy 
Loam t Loam 
X • • • m • • • • t 3 • • « • » » * • 
Lbs. : 1 I 2 ! 4 s 8 : 1 : 2 : 4 : 8 • • 1 { 2 : 4 : 8 
8000 CaOOg SIA SA MA MA SA (SIA 
(to MA 
(MA 
(SA 
to SA MA MA MA 
6000 " MA SA SA MA SA SA SA SA MA SA MA 
4000 " SA VSA SA SA SA SA SA VSA SA SA SA 
2000 " VSA VSA SA VSA VSA VSA SA VSA VSA SA HA 
5920 Ca(0H)2 SIA MA. MA MA MA (SIA MA H H SIA (N to 
(to MA (MA 
4440 " MA SA MA (MA 
(to SA MA MA MA SIA MA (SIA MA 
(to MA 
2960 " SA (SA to SA VSA (MA to 
(VSA (SA SA SA MA MA MA MA 
1480 " VSA VSA VSA VSA SA SA SA SA SA SA SA 
Untreated VSA VSA VSA VSA VSA VSA VSA VSA VSA VSA (VSA 
(to SA 
SIA - Slightly aoid 
MA - Hediiam acid 
SA - Strongly aoid 
VSA - Very strongly aoid 
N - Neutral 
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solutlon had a marked influence on the final titration 
values secured# Several trials were made before accept­
ing the observed influence as a reliable fact. Thus, 
I six trials on an Iowa soil showed a limestone require-
j ment of 1756 pounds when the water was at 15® c« and 2530 
I 
potinds per acre when the temperature was 30® C» Moreover, 
the separate trials at each temperature were in very 
close agreement* Another soil tested with water at 20® 
gave a requirement of 6107 pounds but v/ith the water at 
38® the requirement was 7714 pounds of limestone per 
acre* A third soil tested with water at 20® showed 
6925 pounds J at 51®, 7286 pounds; and at 64®, 11571 
i pounds of limestone as the requirement per acre. A 
I fourl^i soil showed at 20® 6536 pounds; at 36®, 6750 
pounds; and at 60® 8786 povnds of limestone per acre re­
quired to neutralize the acidity* 
I 
j The data presented indicate the need of 
I 
! further standardizing this test for temperature of water 
I 
used» After this discovery all comparisons were made 
i v/ith water at one temperature# The first experiment 
! was completed before this discovery. 
18" 
Results of the Second Experiments 
I The Jones Test. Tables X, XI and XII and 
j 
i Figures 5, 6 and 7 give the results seeiared by means of 
I 
I the Jones Test of the limestone required to neutralize 
I the soil acidity of three soils treated progressively 
from one to eight weeks vfith two amounts of limestone 
and calculated equivalent amounts of hydrated lime and 
I all tests m^de with, water at a teiaperature of 25® c« 
I The acidity of Merrimao fine sandy loam was, 
I 
i 
at first, reduced considerably more by hydrated lime 
than by ground limestone. Later at the end of the trial 
the two materials tended to give &bout equal reductions 
1 due to continuous reduction of acidity for ei^t weeks 
I by the limestone and to a rise in acidity where hydrated 
lime was used after about four weeks* There was a ten­
dency for all treated soils and untreated ones to rise 
I and fall together. 
I 
i A fairly level curve was presented by all 
i treatments on Charlton loam. This was particularly 
I 
I marked for the larger of the hydrated lime treatments. 
I The general tendency was a gradual reduction of acidity 
for both limestone treatments. Again the lime require­
ment for equal applications of limestone and hydrated 
TABLE X 
IVeatment per 
acre of 
2,000,000 
pounds of soil 
Pounds 
Limestone Required to Neutralize Acidity as De­
termined by the Jones Test, Merrlmac Pine Sandy 
Loam. 
Vi/eeks elapsed since treatment 
1 
0 
• 
: 
2 s 3 
• 
•0 
0 m 0 0 
0 * 0  •  
t 1 : J 
4 s 5 ! 6 ! 7 s 8 
0 0 0 0 
0  0  0  0  
Average 
acidity 
neutra-
lissed Average 
8000 CaCOg 5143 6107 4821 3857 4223 5268 5143 4339 4863 2992 
4000 ft 6857 6857 6827 6589 6268 6027 6428 5786 6607 1248 
5920 Ga(OH)g 3696 3455 3134 2571 3857 3616 4393 3536 3532 4323 
2960 5143 5625 4500 4500 5625 5143 6428 5304 5283 2572 
Untreated 7714 8036 7232 7071 8357 8357 8357 7714 7855 X 
Figure 5 
MBrrimac Fine Sandy Loam. 
C aC Og 
Reqra't 
7500# 
6500# 
5500# 
V 4500# 
3500# 
8 weeks 2500# 
5920# Ga(0H)2 
8000# CaGOg 
2960# Ca(0H)2 
400C^ GaGOg 
Untreated 
TABLE XI 
Limestone Required to Neutralize Acidity as Deter­
mined by the Jones Test# Charlton Loam. 
treatment per 
acre of Weeks elapsed since treatment 
jAver-
tage 
2,000,000 
pounds of soil 
Pounds 
1 
• 
• 
5 
• 
0 
2 : 3 
• 
« 
• 
• 
• 
• 
• 
• 
: 
4 : 
* * 
: 
5 j 
• 
• 
6 :, 
• 
• 
: 8 
• 
Aver­
age 
tacidity 
:neutra-
rlized 
m 
• 
8000 GaCQiz O 5785 5946 5464 5145 5143 4500 5143 5143 5283 3879 
4000 u 9036 7714 6911 6911 7232 6268 6750 7071 7112 2050 
5960 Ca(0H)2 4339 4339 5143 4661 4500 4178 4339 4661 4520 4642 
2980 It 6589 6268 6539 6428 7232 5946 6428 6268 6467 2695 
Untreated 10297 9964 9000 9000 9000 8357 9000 8678 9162 X 
CaCOg 
Reqm't 
10,000# 
9000# 
8000# 
7000# 
600C^ 
5000# 
4000# 
Figure 6 
Charlton Loam, 
I 
H-
a p 
I 
12 3 4 5 6 7 8 v/eeks 
5960# Ga(0H)2 
8000# CaCOg 
2960# Ga(0H)2 
• — 4000# GaCOg 
Untreated 
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lime tended to come together toward the middle of the 
ei^t week period# Hydrated lime neutralized the most 
acid at the beginning of the period. The acidity of un­
treated and the treated soil again rose and fell together 
in nearly all inatanoes, the only exception heing in the 
case of the soil treated with maximum amounts of hydrated 
lime* 
In laie Gloucester fine sandy loam under all 
treatments there was the greatest reduction of acidity at 
the end of three weeksj after this all limestone treated 
soils increased in acidity to the end of the period, as 
did the soil treated with the minimum of hydrated lime. 
The soil with the maxinnoa of hydrated lime showed a rise 
in acidity for two weeks and then a decrease to the end 
of the period. ?/ith this soil, there was a decided 
tendency for -Hie acidity of all treatments and all un­
treated units of soil to rise and fall together. The 
maximum hydrated liiae treated soil showed the tendency 
the least. 
The Iowa Test. The Iowa Test was in general 
agreement with the Jones Test just described. Hov/ever, 
as usually interpreted the test would show too low a 
lime requirement. Experience might give a "basis of in­
terpretation that would permit the use of the test. The 
TABLE XII 
Limostone Required to Neutralize Acidity as Deter­
mined by the Jones Test* Gloucester Fine Sandy 
Loam, 
^eatraent per 
acre of 
2,000,000 
pounds of soil 
Pounds 
Weeks elapsed since treatment 
!Average 
;acidity 
; neutra-
Averagesllzed 
• 
• 
• 
• 
1 
• • 
« • 
• • 
• e 
t 2 s 
« • 
• • 
3 : 
s 
4 : 
• 
• 
, i 
• « 
6 7 8 
8000 CaGOg 2892 3214 2250 2411 2732 2732 3473 3857 2945 2298 
4000 fi 3857 3696 3054 3536 4098 3777 4098 4339 3807 1436 
5920 Ca(0H)2 1929 1929 1527 1607 2804 2169 2571 2089 1837 3406 
8960 H 3054 3054 2813 3214 3375 3536 4179 4179 3426 1817 
Untreated 5143 5464 4500 4661 5143 5464 6107 5464 5243 X 
weeks 
TABLE XIII 
Color Indloation of the Iowa Tesf^ 
Merrimao Pine Sandy Loam. 
• 
• 
Treatment per acre : V/eeks elapsed since treatment 
of 2,000,000 potandss 
of soil. i 
Lbs. i 
1 2 
• • • 4 * 
: 3 : 4 J 5 : 6 : 
: : : : : 
7 I 
• 
• 
8 
8000 CaCO- SIP SIP VSIP VSIP SIP SIP VSIP VSIP 
4000 " p P LtR LtR P P P LtR 
5920 Ca(0H)5> VSlP SIP VSIP C 0 c G VSIP 
2960 " SIP P SIP P SIP SIP SIP P 
Untreated LtR LtR R R R R R R 
VSIP - Very slightly pink 
SIP - Slightly pink 
LtR « Light red 
P - Pink 
R « Red 
C » Colorless 
TABLE XIV 
Color Indication of the Iowa 
Teat."^ Charlton Loam# 
frea-feinent per acre 
Weeks elapsed since treatment 
of soil. : : i 0 9 • • s i : 
• 
« 1 : 2 t S : 4 • # 6 ! 6 • 7 : 8 
Lbs. t : t • • t • • * • 
8000 CaCO^ VSlP VSlP VSIP SIP SIP SIP P P 
4000 n P P P P P LtR LtR LtR 
5960 Oa(OH)p c C c c c C SIP P 
2980 « *5 SIP SIP VSIP SIP p P SIP LtR 
Untreated LtR LtR LtR LtR LtR LtR R DR 
VSIP - Very slightly pink 
SIP - subtly pink 
LtR - Light red 
DR - Dgep red 
R - Red 
C - Cdlorleas 
P - Pink 
TABLE XV 
Color Indication of the lov/a Test, 
G-louoester Fine Sandy Loam. 
Treatment per acre : 
of 2,000,000 potmds 
of soil. 
Lbs. 
8000 CaCOg 
4000 " 
5920 Ca(OH), 
2960 " 
Untreated 
Weeks elapsed since treatment 
: j • J 1 t t i 
• 1 ff • 2 : 5 • • 4 s 5 • • 6 ; 7 • 9 8 
i • * : I i • • * • t 
SIP SIP SIP VSIP VSIP C SIP P 
p P SIP SIP SIP SIP SIP P 
0 0 G C c 0 0 0 
VSIP VSIP VSIP SIP SIP SIP SIP SIP 
R R P R R R R LtR 
VSIP - Very slightly pink 
SIP - Slightly pink 
LtR - Light red 
R " R_d 
C - Colorless 
P - Pink 
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data are presented in tables XIII and XIV. The minimum 
changes in acidity could not be shown by the test. 
The Truog Test. The indications of lime­
stone required, as shown by the Truog Test, were not 
variable within fine enougji limits to make the test 
suitable for accurate laboratory determinations. It 
was satisfactory to -within a ton of limestone requirement 
per acre. The tendency of the test appeared to be to 
confirm and to agree with the Jones Test. As a field 
test where a ton of limestone is the unit of application 
this test would probably be entirely satisfactory. With 
I a half ton of limestone as the unit of application there 
I would be considerably less certainty in the results ob-
I tained. 
i 
I 
I The Hydrogen-Ion Concentration, The pH 
I 
! values found under the various treatments of limestone 
1 
i and hydrated lime decidedly tended to follow the rise 
i 
and fall of the acidity as measured by -Sie Jones Test. 
' Stifficient variations were found, however, to create 
! some doubt. The test did definitely show that both 
limestone and hydrated lime had been applied. This test 
since it measures active acidity, certainly is worthy 
of comparison with a test that measures both active 
acidity and acidity due to absorption and other chemical 
TABLE XVI 
Limestone Required per 2,000,000 pounds to 
Neutralize Soil Acidity "by Truog Test, in 
Tons# Merrimao Pine Sandy Loam# 
Treatments per t 
acre of 2,000,000: ¥/eeks of Digestion of Lime Materials In Soil. 
poimds of aoll j 
• 
Lbs, : 
• 
1 : 2 
: 
: : : 
: 3 : 4 s 5 
: s : 
t 
• 
• 
• 
• 
6 s 7 
m 
* 
s 
I 8 
$ 
8000 CaCOg 2 1/8 2 3/4 2 1/S 2 1/2 2 1/2 2 1/4 2 1/4 8 1/4 
4000 " 3 3 3 3 3 3 3 3 
5920 Ca(0H)5, 2 1/4 222 2 2 2 2 
2960 " 2 3/4 2 5/4 2 3/4 2 3/4 2 3/4 2 3/4 2 3/4 2 3/4 
Untreated 4 4 4 4 4 
TABI.B XVII 
Limestone Required per 2,000,000 poimds to 
Neutralize Soil Acidity by Truog Test, in Tons. 
Charlton Loam. 
•iJreatments per : 
acre of 2,000,000: Weeks of Digestion of Lime Materials in Soil 
T)oimds of soil. : • • » • » • • • • • 9 P 
9 1 : 2 : 3 4 x 5  : 6 : 7 : 8 
Lbs. : • • • 4 * • • • • 
8000 CaCOg 2 1/2 2 1/2 2 1/2 2 3/4 2 3/4 2 3/4 2 3/4 2 3/4 
4000 " 3 3 3 3 3 2 7/8 3 3 
5960 Ca(OH)p 2 2 2 2 1/4 2 1/4 2 1/4 2 1/8 2 1/4 
2980 " 5 3 3 3 3 3 3 3 
Untreated 4 4 4 4 4 4 4 4 
TxIBLB XVIII 
Limestone Required per 2,000,000 pounds to 
Neutralize Soil Acidity by Truog Test, in Tons. 
Gloucester Pine Sandy Loam® 
I'reatments per it 
acre of 2^000,000; Vifeeka of Digestion of Lime Materials in Soil 
pounds of soil ft • • • : : t t i s 
<• 1 • • S : d ! 4 : 5 ; 6 J 7 : 8 
Lbs, « t s s s s • 
6000 CaCOg 2 2 2 2 2 1/4 2 1/4 2 1/4 2 1/2 
4000 " 2 1/2 2 1/2 2 1/2 2 1/2 3 3 3 3 
5920 Ca(OH)jj 1 1/2 1 1/2 1 1/2 1 1/2 1 1/2 2 2 2 
2960 " 2 1/2 2 1/2 2 1/2 2 1/2 3 3 3 3 
Untreated 44444444
TABLE XIX 
Hydrog0n-lon Concentration in Soils -
pH Values. Merrimac Pine Sandy Loam, 
• 
* 
Treatment per acre : Weeks of digestion of lime materials in soil 
of 2,000,000 pounds;" # • • • • 0 • • • • • • * 
of soil. i 1 : 2 : 3 : 4 s 5 : 6 : 7 : 8 
Lbs. : • • • • « • • : • • • • 
8000 CaCO„ 6.0 6.4 6.15 6.33 6,4 6.4 6.4 6,4 
4000 " 5.9 6.25 6.15 6.0 6.0 6.0 6.15 6.15 
5920 Ca(OH)p 6.3 6.4 6.35 6.55 6.4 6 .4 6.8 6.5 
2960 " 5.8 6.15 6.28 6.00 6,0 6.0 6.15 6.15 
Untreated 4.9 5.0 5.0 5.1 5.0 5.0 5.1 4.9 
TABLE XX 
Hydrogen-Ion Concentration in Soils « 
pH Values. Cliarlton Loam. 
Weeka of digestion of lime materials in soil 
of 2f000,000 poundss 
of soil. : 
Lbs • : 
1 : 2 : 3 
9 
• 
; 4 
ft 
• 
: 5 
• 
• 
: 6 
• 
• 
• 7 
• 
: 
00
 
8000 CaCOs 6,25 5.9 5,85 5.85 5.6 5.6 5.6 5.8 
4000 " 6.15 5.6 5.6 5.6 5.4 5.5 5.35 5.7 
5960 Ca(0H)2 6.35 5.9 6.15 5.85 5.7 5.6 5.65 5.8 
2980 " 6.15 5.5 5.5 5.5 5.5 5.5 5,35 5.6 
Untreated 4.6 4.4 4.4 4.4 4.4 4.4 4.6 4.8 
TABIiE XXI 
Hydrogen-Ion Concentration in Soils -
pH Values, Gloucester Pine Sandy Loam. 
fPreatment per acre : 
of 2,000,000 pounds! Weeks of digestion of lime materials In soil 
of soil. : « 0 • • * 4 • 
. 
1 2 : 3 4 ! 5 J 6 7 : 8 
Lbs • : • • • # a • 4 I • • 
8000 CaCO„ 6.4 6.4 6.40 6.20 6.45 6.40 6.85 6.7 
4000 n O 6,2 6.1 6.20 6.10 6.25 6.00 5.95 5.6 
5920 Ca(OH)p 7.0 6.7 7.00 6.55 6,78 6.73 6.85 6.6 
2960 !( <5 6.2 6.2 6.25 6.15 6.10 5.95 5.85 5.8 
Untreated 5.4 5.4 5.40 5.50 5.45 5.40 5.30 5.3 
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reactions. The data for the test are presented in 
tables XIX to XXI. 
The Soiltex Test. Tables XXII to XXIV 
give the results obtained with the Soiltex solution. 
A carefiil study of these data will indicate the inabil­
ity of the test to show variations in limestone required 
due to variable applications of limestone or hydrated 
lime. The test did show a use of limestone but quan­
titatively it is unreliable except within rather v/ide 
limits* It is a simple test and suited to qualitative 
determinations only. 
The Effect of Fineness of Grinding 
and Calcium Oxide Content of Liaie-
j ' ' " " • - . • 1 :. • I « i -i I II III I  
stone Upon Limestone Requirement. 
I 
I Experimental 
Si^ t ground limestones, one hydrated lime 
j and an agricultural lime were applied to an acid soil 
in glass tumblers in duplicate in the quantities shown 
in table XXV. The tumblers were prepared as previously 
described, and were left covered in a locker at room 
temperature for 19 days when they were removed and the 
limestone required determined by the Jones Test as 
TABIiE XXII 
Reaction by the Soiltex Method,""" 
Merrimac Fine Sandy Loam. 
iPreatment per acre 
of 2 ,000,000 pounds V/eeks of digestion of lime materials in soil 
of soil. • • • » • • • • • • 
1 : 2 : S : 4 • • 5 : 6 7 : 8 
Lbs, • • • • t • • • • 
8000 CaCOiB SIA MA MA (SI to MA (SI to MA MA O (MA (MA 
4000 n SA SA SA SA SA MA MA SA 
5920 Ca(OE)p SIA SIA (SI to SIA SIA SIA VSIA VSIA 
(MA 
2960 f t  MA (S to MA MA MA MA MA MA 
(MA 
Untreated VSA VSA VSA VSA VSA VSA VSA VSA 
" VSIA - Very slightly acid 
Sla - Slightly acid 
VSA - Very strongly acid 
SA - Strongly acid 
MA - Medium acid 
TABLE XXIII 
Reaction by the Soiltex Method.^^ 
Charlton Loam. 
Treatment per acre : 
of 2,000,000 pounds: Weeks of digestion of lime materials in soil 
of soil, ! 
p 
• 
Lbs, : 
» • 
1 : 2  :  3  
» • 
• m 
: : 
: 4 : 
• • 
• • 
• « 
• • 
5 : 6 :  
• • 
• • 
7 1 8 
: 
8000 CaCO„ MA MA MA MA MA MA MA (SA O (MA 
4000 " MA MA (MA to 
(SA 
SA SA SA MA SA 
5960 Ca(OH)p SIA SIA SIA SIA SIA SIA SIA MA 
2980 " MA MA IJIA SA SA SA SA SA 
Untreated SA SA VSA VSA VSA VSA VSA VSA 
VSIA - Very slightly acid 
SIA - Slightly acid 
VSA - Very strongly acid 
SA - Strongly acid 
MA - Meditxm acid 
TABLE XXIV 
Roaction by the Soiltex Method.''^ 
Gloucester Fine Sandy Loam, 
Treatment per acre 
of 2,000,000 pounds Weeks of dif^estion of lime matei'ials in soil 
of soil. • • • • • » • • • • • • 
1 : 2 ; 5 I 4 : 5 : 6 I 7 ; 8 
Lbs • • • : : « • • • 0 
8000 CaOO„ MA (SIA to (SIA to SIA SIA (SIA to MA MA 
o (MA (MA (M 
4000 ft SA lAA MA MA (MA to SA SA SA 
(SA 
5920 Ca(OH)g SIA VSIA VSIA SIA VSIA SU SIA SIA 
2960 If MA MA SA MA (MA to SA SA (MA to 
(SA (SA 
Untreated SA SA VSA VSA VSA VSA VSA VSA 
SIA - Slightly acid 
VSIA - Very slightly acid 
VSA - Very strongly acid 
SA Strcngly acid 
- Medium acid 
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previously explained. The pH values resulting were also 
determined. The physical composition and the calcium 
oxide equivalent of the limestones were determined and 
the calcium oxide equivalent of the hydrated lime and 
the agricultural lime were also determined in the usual 
manner of making such determinations, by sieving and by 
titrating an excess of standard acid used in digesting 
the lime materials® 
Results 
By a study of table XXV it will be seen 
that the hyidrated lime had greater power of neutralising 
acidity than limestone. This is closely followed by 
limestone number 8, 85 percent of which passed throu^ 
a 0.25 mm. sieve and Tsfiaich contained 65»3 percent CaO 
equivalent. Nimiber 7, the next best limestone, was 
sli^tly finer but contained 10 percent less CaO equiv­
alent. number 1, the limestone used in the experiments 
with all the Connecticut soils except the Merrimac fine 
sandy loam of the first experiment, was good with re­
spect to fineness but low in CaO content, A further 
study of the table shows that number 9, the poorest, 
was very coarse but good in CaO content. lumber 10, a 
TABLE XXV 
The Effect of Different Ground Limestones and Hydrated 
Lime on the Lime Requirement of Gloucester Pine Sandy 
Loam, 
Lime Application per : Limes tone s • • : Per-
stone;acre of 2,000,000 tRequired s pH : Percent remaining on sieves :cent 
No. :pounds of soil :by :Truog:values; • • • • • • • • :CaO 
; Lbs. :Jones :Test : • • 1 • • 0,5 :0.25: 0.1 : Finer requiv-
• :Test • • • • • • mm. s mm. iram. s ram. : than ;alent 
• 
• ;Lbs • jTons s • • m » t f o • 0,1 ram. • • 
1 8000 CaCOo 2170 2 1/2 6,50 M M 0.3 18.4 81.2'" 50.5 
2 8000 " 3857 2 3/4 6.40 «• M «* M 12.4 33.4 22.7 30.5 55.1 
5 8000 " 3054 2 3/4 6.35 1.8 15.3 17.3 12.1 §3.4 51.6 
4 8000 " 2732 2 3/4 6.30 6.2 23.2 20.8 49.7 55.3 
5 5920 Agr'l lime 3696 3 6.20 — 60.8 
6 5920 Ca(OH)g 1607 2 6.65 - — - 74.9 
7 8000 CaCO^  2089 2 1/2 6.30 4.3 9.9 26.0 59.9 55.6 
8 8000 " 1768 2 6.60 1,5 3.1 12.0 43.3 40.0 65.3 
9 8000 " 4339 3 6.00 22.4 54.6 16.8 2.6 3.0 57.2 
10 8000 Oyster shells 3536 2 3/4 6.20 23.4 20.5 22.6 15.7 17.7 45.3 
Untreated 6268 3 1/2 5.20 X X X X X 
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sample of ground oyster shell did "better than number 9, 
no doubt due to Its greater fineness# The poorness of 
nTimber 2 has already been pointed out in the results 
with Merrimao fine sandy loam in the first set of experi­
ments* 
These results indicated strongly that the 
neutralizing power was largely influenced by fineness 
but that the content of CaO v/as also significant. 
Discussion. 
While the results of the limestone require­
ment experiments lack something in uniformity of agree­
ment, yet, "ttiey do, when considered as a whole, signifi­
cantly indicate certain definite changes that follow the 
application of ground limestone or hydrated lime to an 
acid soil# A comparative study of figures 1 - 7 is 
necessary to bring out these facts. 
The most obvious result was that hydrated 
lime had greater power to neutralize soil acidity than 
ground limestone no matter what test was used to show 
acidity or lime requirement. In only one instance in 
seven experiments with 40 comparisons did the maximum 
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hydrated lime treatment fail to neutralize more acidity 
than the equivalent ground limestone treatment; and in 
this instance the difference was "but the acidity equiv­
alent of 72 pounds of limestone required. The effect­
iveness of hydrated lime was further hrou^ t out by the 
difference in the average acidity neutralized in the 
same 40 comparisons. Hydrated lime neutralized acidity 
equivalent to 1258 pounds of limestone per acre in ex­
cess of its equivalent application of ground limestone. 
There was, then, no question of the greater efficiency 
of hydrated lime to neutralize soil acidity when com­
pared with limestone. 
The results given in figures 1-7 also 
effectively showdd that there were alternate increases 
and decreases in the acidity of the untreated soils# 
There was no exception to this in seven trials v/ith 
40 comparisons. Further, it was shown that the same soils 
treated either with limestoB« or with hydrated lime ex­
hibited the same alternate increase and decrease in acid­
ity as the untreated soil. These correlated dynomic 
changes came with all the soils with "but one exception 
and even this one, the Merrimac fine sandy loam, treated 
with hydrated lime, really showed the tendency toward the 
latter part of ttie ei^t week period. 
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The normal tendency of limestone was to 
give a progressive reduction in acidity# This reduc­
tion frequently continued for ei^t weeks# In the first 
set of experiments the tendency was marked in the case 
of the Gloucester fine sandy loam treated with limestone 
and was tout slightly less evident with the Merrimac fine 
sandy loam similarly treated. In the second group of 
experiments Charlton loam best exhibited the tendency 
although it was evident with the Merrimac fine sandy loam, 
Hydrated lime exhibited a different ten­
dency to the limestone in its power of neutralizing 
acidity. The maximum reduction came early in the experi­
ment, onee in the first week, never later than the fourth 
week but usually at the end of two weeks. This maxiBium 
reduction of acidity was followed by a gradual increase 
in acidity v/hich continued to the end of the eighth 
week in most cases# 
This difference in their neutralization 
pov/Qr tended to bring the two lime materials together 
in their ability to neutralize acidity. Usually their 
curves did not meet but there are several that do come 
together and thus show the lime matei'ials to have equal 
power of neutralization. This phenomenon was undoubtedly 
due to the different solubilities of the limestone and 
hydrated lime. The limestone dissolved slowly thus re­
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taining and continuing its power of neutralization* On 
tiie other hand hydrated lime dissolved more rapidly 
than the limestone and it neutralized acidity in propor­
tion to its solubility. The result was that in a few 
weeks it reached its maxinium neutralization# After this 
the calcium was utilized by various reactions taking 
place in the soil and the acidity increased. 
The ccHaparison of the various limestones 
threw more light upon this point. Finely ground lime­
stones with a hi^ basic content neutralized more acidity 
than coarse ones. Coarse limestones were ineffective in 
ability to neutralize acidity. Obviously fine grinding 
promoted solubility of the limestone. The result in the 
soil is increased neutralization of acidity soon after 
the application of the finer limestone. 
The correlation of -the limestone require­
ment tests was not perfect. There was a decided tendency 
toward an agreement of all the tests. There was a lack 
of sharpness of color change in the Truog and IO¥/a tests 
for small changes in soil acidity. The same was true of 
the Soiltex Test and it was further vitiated by the sus­
pended matter in the soil solution. Entire agreement 
could not be expected for the Hydrogen-Ion Concentration 
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Test which measured active acidity only# The same 
should "be said for i3ie Soiltex Test. 
¥;hen all the conditions were under- control 
remarkably consistent results Virere given by the Jones 
Test. On© significant discovery about this test was 
that the temperature of the v/ater used had a marked 
effect upon the indicated amount of acidity as measured 
by the limestone required. 
Carbonates Remaining In 
One Acid Soil. 
Experimental 
The samples of Marion silt loam treated 
with varying amounts of lime materials were siifficiently, 
abundant to permit a determination of the carbonates as 
calcitm carbonate in each, A soil sample of 20 grams 
was placed in an Erlerjneyer flask. This flask was 
attached by a glass rod to a gas burette that v;as sur­
rounded by flowing water and also had a separatory 
funnel inserted into the cork. ISirough this funnel 25 c.c. 
of hydrochloric acid were added to the flask and then 
the liqxiid was boiled 3 minutes. Afterward the gases 
7/ere passed into the burette by the addition of water 
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through the runnel. After cooling these gases were 
conducted from the burette into an alkali bulb where the 
CO2 was absorbed and the remainder again returned to the 
burette. The change in volume gave the CO from 20 
grams of soil at the temperature and pressure indicated 
by a thermometer appropriately placed in the flowing 
water and by a nearby barometer* 
Results. 
The results obtained are recorded in 
table XXVI. In all cases where lirut stone v/as used there 
was a progressive decrease in the residual calciim car­
bonate to the end of eight weeks. In all cases the 
content of carbonate was higher than in untreated soil. 
The results with hydrated lime were entirely different. 
For the three larger treatments, ti^ere was an Increase 
of carbonate until the end of the fourth week, to be 
followed by a reduction at the end of the last four 
weeks. This change occurred while there was a progressive 
decrease of carbonate in untreated soil to the end of 
eight weeks. This suggested that the hydrated lime was 
changed to carbonate and then used up. The results 
agreed with results obtained by Maclntire (13) who found 
TABLE XXVI 
Residual Carbonates in Marlon 
Silt Loam. 
- "  ^ TExoesi" 
Treatment per acre; Weeks elapsed ainoe treatment tover 
of 2, 000,000 t t : • • ;Average 
• 
• 
:check 
po\mds of soil. : 1 ! 2 • m 4 t a • • 
Lbs. : Lbs. : Lbs. : Lbs. i Lbs. : Lbs. : Lbs. 
4000 CaCO>z 918.4 746.6 620.2 614.5 724.9 181.8 
3000 814.7 730.6 x^ 64.9 496.1 651.5 108.4 
2000 ft 885.2 631.0 553.8 428.8 Q24:,7 81.6 
1000 rr 891.8 586.6 491.3 439.8 602.4 59.3 
500 It 661.4 645.6 469.5 4,riQ,& 561.8 18.7 
2960 Ca(OH)g 665.4 689.2 825.7 570.6 686.7 143.6 
2220 687.4 700.4 702.7 509.2 649.9 106.8 
1480 It 686.4 708.4 787.8 489.4 668.0 124.9 
740 ti 751.3 642.9 628,9 641.9 666.2 123.1 
570 n 747.2 612.8 528.7 467.2 589,0 45.9 
Untreated 644.5 635.7 488.4 403.7 543.1 MM — 
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tliat burned lime applied to soil rapidly changed to the 
carbonate, averages showed that carbonates decreased 
as the liiriestone applied per acre decreased. The re­
sults by progressive periods showed the sanie tendency 
when hydrated lime was applied to the soil. The third 
period of two weeks especially showed this relation­
ship. 
Thj.s one esper?.r;ient suggested that lime­
stone applied to the soil would for a ticie increase, 
soxaev/hat, the soil Goni:ent of carbonate. It also led 
to the conclusion that hydrated line appliod to a soil 
increased the carbonate of that soil. There v;as, how­
ever, too little data to inspire great certainty in the 
results. 
Part II. Tlie Effect of Lirae-
stone and Hydrated Lime on 
Aiamonlfying and nitrifying 
Pomr. 
Experimental 
Sufficient amounts of the some soils used 
in the Lime Requirement Studies (Part I) were retained 
to compare the effects of different amounts of limestone 
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and iiydrated lime upon the ammonifying and nitrifying 
power of these soils. The air dry soil was passed 
through a 20 mesh sieve, thoroughly mixed to uniformity 
and then weighed in lOO-gram portions into separate glass 
tumblers for both studies. Limestone at the rate of 
8000„ 6000, 4000 and 2000 pounds per acre of 2,000,000 
pounds of soil was added to these tumblers in duplicate 
for each soil except in one case# Equivalent amoxmts of 
hydrated lime were likewise added to separate tumblers 
in duplicate. 
Ammonifying Power 
One gram of dried blood was added to the 
lime treatments made to each soil sample, A pair of un-
limed tumblers of each soil v;as also included. After 
mixing and composting the soil and treatments in each 
tumbler water to the optimum v/as added, before covering 
and placing the tumblers in an incubator kept at room 
temperature. ^Iie period of incubation v/as seven days 
during summer weather# Table XXVII gives all the treat­
ments of the four soils used in the study# 
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Method of Determining Ainnionia» 
The method of ammonia determination was 
that of Harper (7). One hundred grams of soil in a 
Kjeldahl flask received a treatment of 5 c.c. of a 40 
percent solution of KgCO^ and 200 c.o. of water with a 
little paraffine oil to prevent foaming. The flask was 
attached to a water pump so that air was drawn first 
through acid to free it of ammonia, then throu^ the 
soil solution passing it to the bottom of the flask and 
finally through standard acid in a pint milk bottle to 
remove the ammonia contained originally in the soil# 
This aeration was continued six hours and then the ex­
cess acid in the milk bottle was titrated v/ith standard 
alkali# Prom the difference the ammonia content of the 
soil was calculated. 
Results. 
Table XXVII gives the results secured with 
each soil used. Both limestone and hydrated lime in­
creased the ammonifying power of Charlton loam over the 
unlimed soil. The average of the increase was for the 
limestone treatments 189.5 pounds and for the hydrated 
lime treatments 99.3 pounds per acre of ammonia. 
Merrimac fine sandy loam showed an increased 
TABLE XXVII 
The Effect of Varying Amounts of Limestone and Hydrated 
Lime on the Ammonifying Power of Pour Soils# 
Application per 
acre of 
2,000-000 pounds 
of soil 
bhariton Loamskerrimac ;(*louc ester i'lnejMarlon sllt: Average of j Aver age 
I Pine Sandy : sandy Loam iLoam igain of :gain 
iLb's* :Xn- ;Loam :Lbs,per';Increaiab;tiba« :±n- :four soils :for use 
per :orease:Lbs« iitn- :aore of rover jper »reaaesLbs. amion-:of lime 
acre ;over sper :cr«ase;ammoniajun- sacre rover:ified s 
of :un- ;acre :over : :treated:of sun- : s 
ammonia I treat-: of :un- : :soil :anincaid«treatj s 
:ed fflmmcnlartiDat-s : : ted j j 
Jsoil s I soil : : i :soil; s 
t Lbs. I rLbs.s i Lbs. : iLba,: Lbs. : Lbs. Lbs. 
8000 CaCOs 
6000 " 
4000 " 
2000 " 
5920 Ca{OH)o 
4440 " 
2960 " 
1480 " 
No lime 
Untreated 
457.8 441.0 
378.0 361.2 
456,4 439.6 
422.8 406.0 
295.4 278.6 
397.8 381.0 
357.0 340.2 
338.8 322.0 
249.2 232.4 
16.8 X 
308.0 217.2 
232.4 141.6 
228.2 137.4 
214.2 123.4 
262.2. 171.4 
305.8 215.0 
231.6 140.8 
218.4 127.6 
243.0 152.2 
90.8 X 
529 .8 438 .8 
504 .0 413 .0 
515 .2 424 .2 
477 .6 386 .6 
609 .0 518 .0 
613 .8 522 .8 
595 .0 504 .0 
518 .0 427 .0 
516 .6 425 .6 
91 .0 X 
814.8 780.9 
779,2 745,3 
782.6 748.7 
631.4 597.5 
911.4 877.5 
756.4 722,5 
728.0 694.1 
640.0 606.1 
650.2 616.3 
33.9 X 
519.5 152.9 
415,3 58.7 
437.5 81.9 
377.0 20.4 
461.4 104.8 
460,3 103.7 
419.8 63,2 
370.7 14.1 
356.6 X 
X 
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anmionification for the larger limestone application of 
65 pounds per acre. The two larger hydrated lime appli­
cations gave increases of 18.2 and 62.8 poimds of aimiionia 
per acre each. 
The smaller limestone applications gave no 
increases in ammonification in Gloucester fine sandy loam 
and the larger treatment increased the ammonia but 13.2 
pounds per acre. The hydrated lime treatments each in­
creased the ammonifying power by the following amounts per 
acre: 92.4, 97.2, 78.4 and 2.4 pounds in the order of 
the lime applications. 
The first four limestone treatments in­
creased the ammonifying power of Marion silt loam by 
164.6, 129, and 132.4 pounds per acre in the order of the 
limestone applications. Similarly the hydrated lime gave 
increases of 216.2, 106.2 and 77.8 pounds per acre for 
each of the larger treatments in the order of applica­
tion. 
In general, ammonification was increased 
by limestone and hydrated lime. This is shown for all 
the soils in the averages in the last column of the 
table. The increase in ammonifying power tended to go 
directly v/ith the application but there v/ere several in­
consistencies. These results are similar to those of 
Brown (2) that showed limestone up to 3 tons per acre 
-33 
inoreased amnionification in the soil, 
Nitrifying Power« 
Sulfate of ammonia was the standard com­
pound used in the study of the nitrifying power of the 
soil. It was applied at the rate of 2000 poimds per 
acre of 2,000,000 pounds of soil and was used on all the 
soils, experiment was repeated a second time with 
Marion silt loaaie On this soil 20,000 pounds per acre 
of dried blood were also used. Table XXVTII shows all 
the treatments given to each of the soils# The treat­
ments were made in glass tumblers as they were in the 
preceding ammonifying study* The tumblers were prepared 
ill the same way exactly except for the addition of sul­
fate of aiainonia. ^he incubation period in this case 
was 28 days and the experiment was perforcaed during laid-
summer. 
Method of Determining Nitrates* 
The method of nitrate determination used 
was the phenoldisulfonic acid method as modified by 
Harper (8), Pour hundred c.c. of water was added to 
100 grams of soil in an extraction flask and the flask 
was shaken intei'mittently for 15 minutes. Then 0.5 gram 
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calcitun hydrate and 1 gram of magnesium carbonate were 
added and the shaking continued 5 minutes« The soil 
solution was then filtered, discarding the first 20 c.c. 
of the filtrate. Prom the remainder of the filtrate 
25 o«c« portions in duplicate were evaporated. Two c«c, 
of phenoldisulfonic acid were added and the evaporating 
dish was so rotated as to bring all the residue in con­
tact with the acid. After standing 10 minutes, 15 CeC. 
of Y/ater were added and stirred with a short glass rod. 
Mext the solution was neutralized with ammonia (1 to 3 
of water) \intil yellow. After transferring the solu­
tion to a graduated cylinder, it was properly diluted 
and compared v/ith a standard solution containing 1 part 
per million of nitrogen as nitrate. 
Results, 
The influence the limestone and hydrated 
lime had upon the nitrifying power of the four soils is 
shown in table XXVIII. Marion silt loam shov/ed but 
slight benefit from limestone or hydrated lime treat­
ments vriien sulfate of ammonia was used to supply nitrogen 
as ammonia. The two series did not correlate well. The 
first one shovjed no benefit except for the two larger 
applications of hydrated lime. The same was true of the 
. 7Kttye3«»=^ nr5a»miT5T«rff»iKJ«taiyJ<i«at«atg3aa 
TABI^ XXVIII-A 
The Effect of Varying founts of Limestone and 
Hydrated Lime on the Nitrifying Power of Soils 
Marion Silt Loam. 
Treatment per aores Parts per million ^-fter 28 days 
of 2, 000,000 tTrea-hed wl'tH gOO'O Its. sulfate ofs SOOO lbs. :Average :Increase 
pounds of soil. • ammonia per acre j dried blood Jof three :over un-
: First ! Second • • • « per acre • • ttreated 
Lbs* : trial : trial : Average ; ;soil» 
4000 CaOOiz 38.4 77.87 58.14 187.00 101.09 40.77 
3000 ft ^ 43.7 70.94 57.32 217.40 110.68 50.36 
2000 II 45.3 72.80 59.05 180.40 99.50 39.18 
1000 n 51.2 70.40 60.80 162.25 94.62 34.30 
500 It 45.6 62.67 54.14 151.05 86.44 26.12 
2960 Ca(OH)o 94.1 72.86 83.48 184.10 117.02 56.70 
2220 n 70.4 73.07 71.74 152.20 98.56 38.24 
1480 ft 55.5 58.94 57.22 139.70 84.68 24.36 
740 M 40.4 54.40 47.40 135.20 76.67 16.35 
370 fr 25.7 54.67 40.19 143.00 74.46 14.14 
No lime 66.6 none 66. 60'-^ 137.90 102.25 41.93 
Untreated 50,8 69.85 60.32 50.80 60.32 
One only 
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second trial but in tMs case the three larger applica­
tions of limestone each showed a sli^it benefit. With 
dried blood the results were not materially changed. 
The nitrifying pov/er of each of the Connecticut soils 
was decidedly increased. This increase was greatest 
•with the Charlton loam and least with the Gloucester fine 
sandy loam. The extent of the increase followed directly 
the size of the application both of limestone and of 
hydrated lime. Charlton loam v/as most benefitted by 
hydrated Itme;. 
' Merrimac fine sandy loam also showed the 
greatest increases in nitrates from the larger applica­
tions of the< two liiae materials with a progressive de­
crease as the application decreased in amounts. How­
ever, the decreases with hydrated lime were not nearly 
in the proper ratio. The benefit to the nitrifying 
power showed by the three Connecticut soils agrees with 
results secured by Brov/n (2) who found that limestone 
up to three tons per acre increased the nitrifying power 
of the soil. The failure of Marlon silt loam to re­
spond to either limestone or hydrated lime in nitrifying 
sulfate of ammonia was unexpected. This soil was low 
in organic matter, dense and heavy and was a wet field 
TABLE XXVIII-B 
The Effect of Varying Imoimta of Limestone and 
Hydrated Lime on the Hitrifying Power of Tliree 
Soils. 
• 
• s Merriraae Fine 2 Gloucester Fine 
Treatment per acre i Charlton Loam t Sandy Loam 3 Sandy Loam 
of 2,000,000 pounds: sIncrease 9 9 :inereas® sXnorease 
of soil. « Nitrates lover un- : Nitrates ;over untreat-? Nitrate si over im-
: streated i soil: ISOil S s treated sdl 
Lbs* 9 • p,p,m. ? p.p.ra. i p<Pom« : p.p.m. Q • p.p.m. : p.p.m. 
8000 C aC Ofz 240 97 148 92.5 55 34 
6000 n 234 91 116 60.5 39 20 
4000 ti 232 89 86 30.5 29 10 
2000 ti 198 55 57 1.5 18 * 1 
5920 Ca(OH)« 268 125 135 79.5 60 41 
4440 ft ^ 260 117 117 61.5 54.50 35.50 
2960 tt 210 67 111 55.5 34-50 15.50 
1480 ti 182 S9 60 4.5 16.00 « 3.00 
No lime 124 -19 SI "•34 • 5 15.75 - 3.25 
Untreated soil 14S X 55.5 X 19.00 X 
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soil# It was "benefited materially by adding dried l^od. 
The nitrates were increased from 50.8 p,p.m. to 157.9 
p.p.m., an increase of 87.1 p.p.m. There -were fiirther 
increases above this one for every addition of lirae 
material except 740 pounds of hydrated lime. Tlie data 
Indicated that organic matter was the first great need 
of tliis soil and that lime was then beneficial. 
It may safely be concluded from the four 
experirasnts that both limestone and hydrated lime are 
beneficial for increasing the nitrifying power of the 
soil. Sometimes the hydrated lime showed up better than 
the limestone but not always. The effects apparently 
vary viith the particular soil. 
Part III. The Effect of Field 
Applications of Limestone and 
Hydrated Lime, 
ff 
At the Storrs Agricultiiral Experiment 
Station a few field plots have been limed and records 
of crop yields kept since the applications v/ere made. 
Limestone requirement determinations made a number of 
years after treatment showed sufficient variation to be 
of interest in tliis study as supporting evidence con­
cerning chemical effects of lime on the soil. Part of 
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[ 
i 
these plots v/ere used in a study of the value of potash 
I to crops. Some were liraed once and some were imlinied 
I from /the beginning. Another series of plots were treated 
• / 
I with varying aiaounts of limestone for the ptirpose of 
! 
s;budying alfalfa production, 
j • ' i 
• ' Experimental 
i . 
Potash Plots 
T?/o ranges of six plots each constituted 
the potash plots, and their histoid from 1915 is knovai. 
Pour plots of each range received no lime at any time 
so far as is Icnown. These plots were of rectangular 
I 
I shape and contained 605 square feet. The fertilizer 
I treatments were constant from the first and at the rate 
! 
of 1500 pounds per acre except on number 4 in each range, 
j applied in 1915, 1917, 1919, 1920 and 1921, making a 
I total application of 3 3/4 tons per acre. Plot 4 re­
ceived 2000 pounds of rock phosphate per acre in 1915 
and 1919, In 1917 it received 1500 pounds of 4-0-0 
; fertilizer. Ko other chemical applications were made 
I previous to April 1926, the date of the last sampling of 
the plots. The kinds of fertilizers applied, the lime 
} treatments, the crop yields, and the increase in crops 
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due to lime are given for each plot in table XXIX. The 
crops grown were as follov/s: Corn, 1915; wheat, I9I65 
corn, 1917} wheat, 1918j corn four years, 1919 to 1922 
and alfalfa 1924-1925. A crop of rye was plowed under 
I I in 1923 and the land fallov/ed in preparation for alfalfa 
i 
! seeding, 
I 
I 
I Methods. 
I 
1 
Soil samples were taken in 1924 from each 
plot by making twelve borings uniformly distributed 
over the plot. In like manner samples were again taken 
April 22, 1926. These samples were air dried in the 
i laboratory and sieved through a 20 mesh sieve in prepara-
1 
I tion for making the limestone requirement deteminations 
j by three methods: Jones Test, Truog Test and Iowa Test. 
i 
I The methods used in making these tests were described 
s in Part I of this paper. 
Results. 
I The results of the limestone requirement 
determinations are recorded in table XXX for both the 
samplings in 1924 and 1926# An interesting result of the 
Jones Test determinations that cannot now be satisfact-
TABLE XXIX 
Treatments and Crop Yields of Potash Plots 
(1915-1925) 
IKinds of stiine in 5Six corn JTwo wheat • Two crops : Increases for lime 
PlotjPerti- : 1915 J crops I crops s green alfalfa i Corn : meat t Alfalfa 
:lizers : Lbs* : Bu, : Bu. I Lbs. J Bu. : Bu, : Lbs* 
Series B 
1 4-8-0 6000 292,0 36.4 30,384 57.4 1.8 25,620 
2 4-8-10 6000 405.9 29.3 43,501 28,1 2.0 25,744 
3 Check 6000 156.5 33.1 8,603 
4 Rock Phos• 6000 192.7 28.7 13,297 
5 4-8-0 X 234.6 35.2 10,764 
6 4-8-10 X 375.8 27.3 17,857 
Series C 
1 4-8-0 X 238.1 31.2 6,088 
2 4-8-10 X S61.0 51.9 4,62S 
3 Check 6000 176.2 25.9 11,301 
4 Rock Phos• 6000 222.6 29,0 19,593 
5 4-8-0 6000 277.7 29.6 40,173 39.6 -2.2^ 34,085 
6 4-8-10 6000 348.5 34.1 47,386 87.2 2.2 42,763 
Loss 
1 
2 
3 
4 
6 
6 
1 
2 
5 
4 
5 
6 
TABLE XXX 
Limestone Requirements of the Potash 
Plots by Three Methods in 1924 and 1926. 
Pounds CaCOg Required by t Truog Test j Iowa Test 
Jones Methoa Tons ; Color 
S • • S 0 
1924 s 1926 1 1924 : 1926 : 1924 ! 1926 
Series B 
3214 1929 2 2 1/2 Lt Pink Lt Pink 
3536 2571 2 1/4 2 1/2 Lt Pink Pink 
3857 2089 2 2 5/4 Lt Pink Pink 
4179 3214 2 1/4 2 3/4 Lt Pink Pink 
6428 4500 3 1/2 3 1/2 Deep Pink Red 
5946 4500 S 1/2 3 1/2 Deep Pink Red 
Series 0 
5143 3750 3 1/2 3 1/2 Red Red 
5143 4178 3 1/2 3 1/2 Red Red 
1929 1768 2 2 Lt Pink Colorless 
2250 1411 2 2 Very Lt Pink Colorless 
2571 1768 2 2 Lt Pink Colorless 
1929 1446 2 2 Very Lt Pink Colorless 
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orily explained was the decrease in limestone required 
during the 19 months between samplings on every plot. 
The increases on the plots in Series B were as follows s 
No. 1, 1285; Ho, 2, 965; Ko. 3, 1768; Ko. 4, 865; No, 5, 
1928 and Ho, 6, 1446 pounds of limestone per acre. "Hie 
corresponding decreases in Series C were; No, 1, 1393; 
No. 2, 965; No. 3, 151; Ho; 4, 839; No. 5, 803; and 
No. 6 , 483 poimds of liiaestone per acre, ^e results 
from the other tests were not similar to these. The 
Truog Test showed that four of the plots of Series B 
had increased in acidity and that the acidity of the 
Series C plots had remained the same. The Iowa Test 
supported the Truog Test for Series B but for Series C 
it tended to support the Jones Test. All the tests 
showed that lime applied in 1915, had in 1924, and again 
in 1926, materially reduced the acidity of the soil. 
During the 19 months the acidity relationships of the 
plots in each series did not change to any extent. 
A certain reason for these results could 
not be found. In 1924, the effect of heating the «at6r 
used in the Jones Test was not known. It is barely poss­
ible that rather hot water may have been used at that 
time. The 1924 samples v;ere taken after a long, dry 
40. 
siJMrier, and after an alfalfa crop had been removed# 
The 1926 sait^les were taken at the end of a winter witii 
rather low precipitation and just when grov;th was start­
ing in the plants. 
The Truog Test shows a greater limestone 
requirement than the Jones Test while the lovva Test 
falls "below it in the limestone required. 
The only conclusion that could be drav/n 
was that lime applied in 1915, at the rate of three tons 
had, in 1924 and in 1926, materially lowered the acidity 
of the soil as determined by each of three tests. 
Alfalfa Plots. 
were 
In 1915 twenty-six adjacent plots/seeded to 
alfalfa after the land had had a limestone application 
worked into the soil during si^imner fallowing. Fertilizers 
were liberally applied in 1915, 1917, 1918, 1919 and 
1923. The treatments with fertilizers per plot have 
varied conaiderably. Certain plots were treated witii 
additional limestone in 1917 and again in 1919 to bring 
the total application previous to the end of 1919 to 
that shovm in table XXXI. The crops taken have varied 
due to v;inter-killing, poor seed and to reseeding prac­
tices. Five crops were taken frcsa Plots 7, 9 and 261 
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nmm xxxi 
Alfalfa Plots 
s Lime stone 
Plot:applied Limestone Requirement -Jones fest pH Values 
lTo« Iprevious • • : Increase in 
sto 1920 1921 • • 1924 ;3 years 1921 1924 
: Tons Lbs. • »• Lbs. ; Lbs« 
1 7.0 1286 «- •s:- 6.4 
2 8.5 643 643 0 6.8 6.6 
3 8.5 643 643 0 6.9 6.7 
4 7.0 1107 964 -143 6,5 6.3 
5 7.0 804 964 160 6.5 6.3 
6 7.0 804 964 160 6.5 6.3 
7 7.0 1107 954 -143 6.6 6.3 
8 7.0 1107 1286 179 6.4 6*2 
9 7.0 964 964 0 6.4 6.3 
10 7.0 1107 1286 179 6.4 6.2 
11 4.0 1429 2089 660 6.0 6.1 
12 7.0 1107 1607 500 6.9 6.9 
15 7.0 964 1446 482 6.9 6.9 
14 4.0 1429 1924 495 6.5 6.5 
15 4.0 1929 2571 642 6.4 6^5 
16 5.5 964 1446 482 6.6 6.6 
17 5.5 964 1286 322 6.7 6.6 
18 5.5 2089 •}{• 6.6 
19 8.5 64S •» 6.9 
20 8.5 964 643 -321 6.9 6.8 
21 8.5 964 964 0 7.0 6.8 
22 4.0 1429 2250 821 6.2 6.1 
23 5.5 1107 1411 304 6.4 6.5 
24 7.0 •» 1286 -» 6.5 
25 8.5 964 1125 161 7.0 6.8 
26 7.0 1929 «• 6.6 
Lost 
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ei^t from Plots 11, 14, 15 and 22 and six from all other 
plots. 
Experimental 
For another purpose, in 1921, soil samples 
were taken as described under sampling of the potaph 
plots. Some of the soil was preserved in tin cans. 
Again in September 1924 all plots were sampled. These 
samples were used in 1924 for making limestone require­
ment determinations as previously described under Potash 
Plots both by the Jones method and colorimetrically for 
the Hydrogen-Ion Concentration, as previously described 
in Part I. 
Results. 
In table XXXI is recorded the results ob­
tained in these determinations. Five of the 1921 samples 
were lost and no comparisons of these plots were possible. 
The Jones Test showed the acidity of the soil both years 
to vary ?/ith the application of limestone, the plots re­
ceiving but four or five tons being more acid without 
exception than adjacent plots receiving 7 tons or more 
of limestone. In general the pH values are somewhat lower 
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for these same plots with the smaller applications of lime­
stone. 
In this experiment the soil samples of 1924 
showed greater acidity than those of 1921» There were 
increases in 14 plots out of the 21 coiapared. The in­
creases ranged from 160 to 821 pounds oi' limestone re­
quired per acre. Three plots shoAiJed decreases - two being 
143 pounds and one 321 pounds of limestone required per 
acre# Four of the plots sliov/ed no changes in acidity by 
this test. 
The Hydrogen-Ion Concentration Test lilce-
wise showed an increase in the acidity of 14 plots, a 
reduction in three and no change in four plots. The two 
tests agreed on seven of the plots tlmt had increased 
in acidity and on none of these which decreased and on 
none shown to be stationary by the Jones Test, 
Conclusion, 
That lliae reduced acidity after 11 years 
from the first application was very evident# This 
effect had extended for 6 years beyond the last limestone 
application. 
Althou^i the evidence is not perfect it 
-45' 
is appapent that the acidity had iixcreg-sed in about 
two-thirds of the possible comparisons after 3 years, 
The tendency was for acidity to Increase in soil on 
which alfalfa was gro\m« 
Reduction of Acidity in Three to 
Five Inch Depths of Soil From Sur­
face Applications of Limestone and 
Hydrated Lime« 
Surface applications of limestone and hydrated 
lime to soils in ^ass percolation tubes showed a sligjit 
but measurable reduction of acidity in the soils at depths 
of 3 to 6 inches as measured by the Jones Test. Con­
sequently an experiment was planned to see if the pene­
tration of limestone and hydrated lime in the field v/as 
sufficient to reduce the soil acidity* 
Experimental 
Wooden frames were made of 1 1/2 inch strips 
and placed over 20 plots each, in a pasttire and a corn 
field in mid-October. The plots were treated in dupli­
cate with two amounts of limeatone and equivalent amounts 
of hydrated lime, ^our plots in each field were left 
i 
t 
I 
t 
I j imtreated to serve aa checks, 
I 
The latter part of April, soil samples 
were taken from all of these plots in both fields. In 
the pasture about an inch of t\irf was removed and a 
I sample taken from the second inch. Then another sample 
was taken at a depth of three to five inches. In the 
corn field about one-foiirth inch of the surface soil 
v/as removed and the first sample then tjiken to two 
inches in depth. l*he second sample was taken at a depth 
of three to five inches. 
These samples were all dried and pre­
pared as described in the first part of this paper. Lime­
stone requirement determinations v/ere made in the usual 
! 1 
I manner by the Jones Test and the Hydrogen-Ion Concen-
I tration was determined colorimotrically as previously 
I 
I described for each sample except for one plot in the 
I 
1 corn field which was lost due to the destruction of the 
i 
I wooden frame. The treafenents given the plots are re-
I corded in table XXXII. 
Results. 
T};j.e results given in table XXXII show that 
by both tests there was a definite reduction of the soil 
lixmM Sim 
t« Past^iTO and Corn liassS., 
» * m 
PXotf ym* aiCTm s . * 
• iq£ 2,.000,OOQ potasds 'by ' t 
t0f " sXo^a T&Btm~ Lbs* j^emtrnfeltss* s 
1 i'T'n-Mn—f-r — - •.-jir'- 'Vj'""Tir"-'w.-iriCTiitn<piflaj{U»uvMPj^>wyn'rTw»ia,,^iiiM* iiitfaiifcerfcn<MiN»» 
t tsErrie© i 
s tsoil 1ajm?imtX la^ is*. 
« 5 Lbs* 5 libs* 5 lil' s 
1 • s 53a€% 5464 4m '5«BD 
, 
&,ss 
3 «» 4 Ga( OH Jg 514& 5.,QQ S.S5 
d «n» 6 tteti^ essteS a«oo s*oo 
? ** 8 199© GaC% 5464 s».so 
9 '•» 10 Ca( Olljg 618a 2^ 5»40 S«35 
11 '«a» 12 ®91 SaCOg 5304 4881 5»75 S»SO 
IS 14 295S Ga( (H)g 5786 S196 S»75 5..40 
IS «» 16 •S2at3?e sated 626S S,00 5^ 10 
17 m im 5786 5l4i3 5»CK) 5.S0 
10 m 1477 Ca( OH)gj 56S5 48S1 S»60 5,S0 
Lost SKJsaber 20 of com field* 
1 
} 
i 
i 
j 
i 
I 
t 
i S 
i i 
i I 
1 ! 
i 
1 
1 
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acidity in the subsurface h.ori25on at a depth of 3 to 5 
inches. There was one exception to this in the pasture 
and this was a check with the nearest untreated plot# 
There were two exceptions in the com field and the 
degree of acidity with these plots was again that of the 
nearest check. The two tests used were in substantial 
agreement as to the reduction in subsurface acidity in 
the soil. 
Conclusions. 
This study of the biochemical activities 
brought about in acid soils by variable quantities of 
limestone and hydrated lime progressively applied 
appeared to warrant these conclusions. 
1. Hydrated lime is more effective in 
neutralizing soil acidity than limestone. As the time 
after application increases the difference between the 
effect of the two materials decreases. 
2. Groimd limestone gradually reduces the 
acidity of an acid soil for a period of 6 to 8 weeks 
and in some cases shows a tendency to give a rise in 
acidity at the end of 6 or 7 weeks. 
5. Hydrated lime rapidly reduces soil 
acidity to a minimum. After 2 or 3 weeks the acidity 
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then gradually rises for ei^t weeks® 
4» Untreated soil shows fluctuations In 
soil acidity during an ei^t week period and these same 
fluctuations on lower planes are exliibited by the soil 
treated with limestone and hydrated lirae. 
5# neutralization of acidity in the soil 
"by a limestone is a function of both the fineness of 
grinding and its basic content# 
6» Of the tests used the Jones is most 
valuable because it can shov/ the smaller amount of lime­
stone requir-ed due to acidity changes, Tlie Truog and 
Iowa tests lack in sharp color changes for small varia~ 
tions in soil acidity# 'i'he Soiltex test is laore suited 
to qualitative field work than to laboratory viork# The 
hydrogen-ion test correlated rather well with the Jones 
test, 
7, Both the amraonifying smd the nitrifying 
power of acid soils is increased by limestone and hy^ated 
lirae • 
8, Changes brougiit about in field, soils' 
by lime, liiaestone and hydrated lime can be measured hf 
all the tests used but more accurately by the Jones test 
and the hydrogen-ion concentration detei-mination. 
-47 
9« The temperature of the water used 
in making the Jones Teat greatly influences the final 
limestone requirement indicated. The test should be 
standardized for temperature of the water used. 
48-
The writer Vifialies to adcnowledge iiis 
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